Abstract Colleges and universities that are interested in reducing their environmental impacts are faced with the difficulties of providing incentives for sustainable behavior and attempting to quantify the gains that policies would provide. In this paper, we use a case study to demonstrate the benefits as well as the difficulties encountered with one type of incentive program, a revolving loan fund. During the five-year tenure of the case study fund, the program yielded a 34 percent return on conservation investments, with associated decreases in resource usage, ambient air emissions, and water consumption. Using a past damage function study, we estimate that the reduced emissions result in over US$100,000 of avoided environmental externalities per year. Although the economic returns and environmental benefits were significant, participation declined rapidly after the initial rollout of the program and relatively non-technical conservation measures were generally the focus of projects. Through surveys of both participating and nonparticipating facility directors, we determined that lack of knowledge of effective conservation measures and limitations in staff availability were the key barriers preventing more extensive participation. Increased flow of information, through such actions as frequent facility director correspondence and independent energy audits of facilities, would be likely to encourage sustainable resource consumption in future applications of revolving loan funds and other campus greening efforts.
Introduction
Few people would argue with the assertion that efforts to reduce energy and resource consumption at institutes of higher learning would provide significant Sustainable resource consumption 253 economic and environmental benefits. Within the USA, colleges and universities spend nearly US$200 billion on operations each year (Bogo, 1999) , and other institutes of higher education would add to this total. There is substantial evidence that this number could be reduced while simultaneously lessening environmental burdens ± a recent report (Eagan and Keniry, 1998) found that``green'' projects at universities could easily save billions of dollars in operating expenses. In addition, activities promoting sustainable resource consumption at universities can be integrated into the educational curriculum, which can lead to significant long-term benefits for both education and the environment.
In most universities, as in other sectors of the built environment, current energy and resource consumption are likely greater than the long-term economic optimum. In attempting to move universities from current practices to more sustainable activities, two major types of barriers exist (Table I) .
First, there are numerous barriers that might prevent facility directors from initiating conservation efforts or choosing technologies that would minimize environmental impacts. Economic barriers are pervasive, particularly since capital budgets for facilities are often limited and many green investments require increased initial expenditures to receive returns in future years. Often, there is a lack of knowledge of the capabilities of newer technologies, which can either lead facility directors to mistrust the estimates of economic returns or the performance capabilities of the technology. Related to this fact, there is often a lack of institutional memory regarding past projects, given factors such as staff turnover and inadequate documentation, so that past performance is unnoticed and lessons are often relearned many times.
Another type of barrier involves the lack of performance measures or other means of providing direct feedback about the effectiveness of actions and the environmental benefits of green investments. Although this is perhaps not primary in the minds of facility directors and others choosing technologies within universities, a quantification of environmental benefits can provide important information for the university administration and the public at large. Quantifying environmental benefits can also help universities in prioritysetting, if the ultimate goal is to minimize the environmental impact of the university on the local community, the region, or the world as a whole.
These barriers make it difficult to implement the general concepts that many universities and facility directors would wholeheartedly support. Few decisionmakers at the facility level would state that it would not be beneficial for universities to maximize their energy efficiency, but it is far more difficult to actually raise the necessary funds, install new technologies in buildings, and support them over the long term. A key step in bridging this gap is providing incentives for facilities to act sustainably. These incentives could take many forms, including economic incentives, informational programs, and institutional mandates. Incentives can help to establish explicitly where the sustainability decisions lie and how the overall support structure for environmental investments is structured.
In many ways, properly-designed economic incentives are necessary components of any green campus initiative, since they can potentially internalize the environmental and informational components, allow facility directors to be somewhat flexible in their technology choices, and help to build a permanent infrastructure for environmentally-sound decision making. Of course, these economic incentives cannot yield environmentally sustainable outcomes unless they implicitly or explicitly reflect the environmental externalities associated with resource consumption.
To understand some of the advantages of an economic incentive program as well as the pitfalls with this approach, we consider a case study that exemplifies many of the general issues regarding sustainable resource consumption on campus. Harvard University is located in the Northeastern USA, with approximately 17,000 students (undergraduate and graduate) and 19 million square feet of buildings. Unlike some universities, Harvard is extremely decentralized, with each school operating essentially as an independent entity. While this causes difficulties for integrated programs across faculties, it provides opportunities for local decision-making and management of resources. Effectively, this presents us with multiple case studies over a range of facility sizes and incomes.
Harvard initiated the resource conservation incentive program (RCIP) in 1993, a program designed to provide schools and facilities with financial incentives to conserve energy and water. The RCIP established a US$1.5 million revolving loan fund available to all Harvard-affiliated facilities. Any project proposed within this program is required to have a payback period of five years or less, based on estimates of the cost of installation and the reduced operating and maintenance costs. The estimated annual savings are used to determine the annual loan payments, which are made at zero interest until the loan is repaid. Additional savings then accrue in the operating budget of the facility for the lifetime of the conservation investment. Thus, the RCIP provides a financial instrument to allow facilities to undertake conservation efforts Sustainable resource consumption 255 without impacting their capital budgets, guaranteeing no adverse financial impacts throughout the life cycle of the investment if the conservation measures perform as anticipated.
To evaluate whether the RCIP yields cost savings for the university, this paper examines the financial performance of the projects initiated under the RCIP between fiscal years 1994 and 1998. We also estimate the environmental benefits that accrued during these years, in terms of emissions as well as in health and monetary terms, to determine whether more sustainable resource consumption has occurred and to place the magnitude of benefits in context. To truly understand the role of this program in motivating sustainable decisions, we survey the facility directors responsible for RCIP projects, focusing on the types of projects chosen, the rationale behind these decisions, perceived benefits and barriers, and other perceptions of the efficacy of the program. Through these responses, we probe whether economic incentives are sufficient to promote more sustainable resource consumption at a large university.
Analytical methodology
To determine the performance of the RCIP over its five-year tenure, we relied on both financial and resource conservation calculations. For all projects, we used the actual project expense rather than the estimated loan requirement when calculating the financial implications of the project, since this is a better reflection of the return on investment.
The annual financial savings were estimated from the engineering reports and calculations provided to the RCIP. Since there is no reasonable way to calculate the actual savings following the conservation measure (given variable weather, occupant behaviors, and loads), we relied on these pre-installation estimates. Any discrepancies between theoretical and actual performance cannot be captured quantitatively, but were considered in the surveys of facility directors. Similarly, we estimated the annual resources saved using the engineering reports. The resources considered include electricity, water, chilled water, steam, oil, and natural gas.
In our calculations of payback and savings below, we primarily present estimates of the first-year savings. The aggregate savings during the five-year loan window was also calculated, although this term is difficult to compare across projects given different assumptions about the time path of resource prices and usage patterns. Although life cycle savings would be ideal in evaluating the true benefits of a project, estimating the present value of cost savings over the lifetime of the conservation measure, lack of information precluded this analysis.
To estimate the emissions associated with resource use, we relied on a variety of sources. For electricity, we used the 1995 annual average marginal emission rates of the New England Power Pool (NEPOOL; Carlin et al., 1996) . The marginal emission rate is appropriate, given the relatively small changes in electricity use in comparison to the aggregate NEPOOL load. For steam and chilled water, the emission rates depend on the location within the Harvard campus. For facilities at the Longwood Medical Area, these resources are provided by the Medical Area Total Energy Plant (MATEP), a cogeneration plant powered by natural gas and fuel oil. To allocate emissions to these outputs, we used an energy flow analysis conducted in a previous study . For other facilities, we assumed that the steam is produced from number 6 fuel oil (150,000 BTU/gallon) at a heat rate of 1,500 BTU/lb of steam and chilled water is produced by electricity at a rate of 0.7kW/ton (Wall, 1999) . For direct combustion of oil and natural gas, we used AP-42 emission factors for commercial boilers (US EPA, 1995).
Survey methodology
To determine the reasons for participation and non-participation in the fiveyear study period, we designed a survey instrument targeted at the decisionmakers within each facility. This survey addressed a number of issues related to the RCIP and resource conservation decisions in general:
. Factors leading to the decision to participate or not participate in the RCIP. The surveys were conducted by telephone by the authors during a two-week period in the fall of 1999. Each survey took approximately 10-15 minutes to administer. All facility directors were notified about the survey by Harvard University Operations Services in advance of their telephone interview. The complete survey instrument is available from the authors on request.
Results

Program performance
During the first five years of the RCIP, 39 projects were proposed. Two of these projects were cancelled, and the two projects proposed in FY98 had not been initiated at the start of FY99. Three other projects did not initiate loans, given a payback period of less than one year; since these projects were completed and provided estimated expenses and annual savings, we included them in our analysis. Therefore, we focus our analysis on 35 projects.
A significant fraction of these projects was initiated in the first year the RCIP was available, with 26 projects started in FY94 (Table II) .
Over half of the funds disbursed were given to projects in this first year, with only nine projects in the subsequent four fiscal years. Because of the early Sustainable resource consumption 257 implementation of many of the projects and the relatively short payback periods, the fraction of the RCIP fund utilized was well under capacity as of the end of FY99 (projected available funds of US$950,000).
For these 35 projects, a total of US$2.6 million in upfront expenses was incurred, with first-year savings estimated to be US$880,000 (Table III) . This represents an annual 34 percent return on investment and corresponds to a fiveyear savings of US$4.5 million using the baseline time path assumptions given for each project. Other than three water projects, which assume a 10 percent rate increase per year with constant consumption, other projects assumed constant usage and prices for the duration of the loan.
For projects that did not provide five-year estimates, we assumed constant usage and prices, which may understate the benefits of the conservation measures.
The conservation efforts were related to reduced consumption of a number of resources, including electricity, chilled water, steam, oil, natural gas, and water. As indicated in Table III , a large fraction of the monetary savings came from reduced electricity (55 percent) and water (31 percent) consumption. This is closely related to the specific conservation measures selected by the facilities. Although there was some variability in the measures taken across the campus, over half of the projects involved either the installation of low-flow toilets or more efficient lighting (Table IV) . Other projects involved a variety of HVAC system improvements and miscellaneous water usage reduction strategies.
The reduced resource consumption can be translated into reductions in air pollution emissions. We determined emissions estimates for all resources except water. In total, the RCIP projects yielded an annual reduction of 8.8 million pounds of CO 2 , 35,000 pounds of SO 2 , 19,000 pounds of NOx, and 2,100 pounds of PM 10 (Table V) . Additional criteria and toxic pollutants could be estimated as well, but the above pollutants provide an understanding of the relative magnitude of emissions averted. To provide perspective, the annual CO 2 emissions reduction from RCIP projects is roughly equivalent to the annual emissions from 670 average US automobiles (USDOE, 1993; Wilson and Morrill, 1996) . Owing to the large number of projects associated with electricity usage reduction, a majority of all emissions averted was associated with electricity.
For water projects, the 47 million gallon savings cannot be directly translated into environmental benefits, given the difficulty of quantification and the dependence on source characteristics. To provide an idea of the magnitude of these savings, the RCIP-associated water consumption reduction is equivalent to the annual water consumption of 400 average US households (AWWARF, 1999) . In addition, it is approximately equal to the annual water consumption of an oil-fired power plant with 168GWh/year output (Rowe et al., 1995) . 
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Although a comprehensive evaluation of health impacts averted is beyond the scope of this analysis, we used a past damage function study to approximate the reduced health impacts due to the lowered emissions . Briefly, this study constructed a model and linked emissions from MATEP with ambient concentration changes and resultant health effects (Figure 1) .
Since most of the emissions averted through RCIP are either associated with MATEP or other sources in a similar geographic area, the estimated mortality and morbidity impacts per pound of emissions from this study are reasonable approximations of health benefits. We used the baseline assumptions of this study, with the inclusion of long-term mortality effects from particulate matter (Pope et al., 1995) .
Using these estimates, the reduced emissions of PM 10 , SO 2 , and NOx yielded an annual expected risk reduction of 0.02 premature deaths, four asthma attacks, and a number of other morbidity outcomes (Table VI) . We do not provide uncertainty bounds for these estimates, given the lack of detailed modeling and the desire to provide simple order-of-magnitude estimates. The premature deaths averted are roughly equivalent to what would be obtained if 6,000 households in a Boston suburb reduced their residential electricity consumption by 10 percent (Levy, 1999) .
If we apply the economic values for all morbidity and mortality outcomes that were derived in Levy et al. (1999) , the annual environmental health impacts averted through the RCIP total US$110,000. With the inclusion of global warming damages using an average value from the literature , the total environmental damages averted each year are US$120,000. This does Figure 1 . Illustration of damage function approach not include any environmental benefits of reduced water consumption, which could potentially be significant if upper-bound values in studies evaluating the costs of surface water depletion are used .
Survey findings
In total, 16 facility directors were identified as target responders for the survey instrument. Of the 35 projects mentioned above, 29 were conducted by eight of these facility directors, with the remaining six projects conducted by an individual who is no longer with the university and could not be contacted. The remaining eight identified facility directors did not participate in the RCIP at any point during its five-year tenure. Of the 16 individuals still with the university, we were able to contact and survey 15 ± all eight former participants and seven non-participants. For the eight participants, the primary incentive for participating was the financial structure of the RCIP, including the 0 percent interest and the provision of funding that would not interfere with the capital budget. Only one of the eight participants cited environmental awareness rather than financial gains as their primary incentive. Participants largely heard about the RCIP through the facility directors' network, either by participating in the design and initial rollout of the RCIP or through word of mouth at monthly meetings.
Participants were largely satisfied both with the performance of their conservation measures and the RCIP as a whole. All eight participants indicated that their installed conservation measures performed at least as well as predicted, although one facility director indicated problems with durability (although energy consumption targets were met). The features of the RCIP that were rated well by participants include the overall program structure, the ease of implementation and use, and the importance of a commitment from the highest levels of the university. All eight participants indicated that they would use the RCIP again if they had appropriate conservation projects and resources to support these projects.
Despite this enthusiastic response, participants detailed a number of barriers that have kept them from proposing additional projects. A majority of participants stated that there are no applicable conservation projects at present, with the 261`l ow-hanging fruit'' already picked with the initial RCIP projects and other efforts. Lack of staffing and time was also cited as a significant barrier, along with low energy prices and a lack of available technology to achieve short payback periods. Many past participants indicated that they had already done everything that there was to do, and a majority could not come up with a target to consider in future conservation projects.
All seven non-participants surveyed had heard of the RCIP and were able to define it reasonably, demonstrating that awareness of the program among facility directors is not the major barrier to participation. However, there was some evidence (from participants as well as non-participants) that knowledge of the program existed largely at the facility director rather than the staff level, which may have led to non-participation.
Non-participants cited a broad range of reasons for the lack of RCIP projects in the past. For some smaller facilities, the RCIP was not considered to be worth the administrative effort, and there was a lack of internal capacity to evaluate opportunities. Facility directors at these locations said that the maintenance staff was``stretched too thin to think about the long-term, instead of putting out fires'' and had a``sheer inability to take on anything that is more timeconsuming than absolutely necessary''. Other facility directors agreed with past participants and stated that they lacked knowledge about additional conservation opportunities. One facility director felt that energy and water costs were generally relatively small in comparison to the overall budget, while another stated that he thought the program was no longer funded, indicating a communication gulf.
In general, both participating and non-participating facility directors pointed to information barriers as the primary disincentive for pursuing resource conservation. The first category of proposed solutions center on increasing the flow of information within the university. A number of facility directors cited the decentralized nature of Harvard as a barrier to an integrated and systematic approach to resource conservation. Solutions to this problem included reinstating monthly meetings of facility directors to discuss ongoing projects at various facilities and establishing an e-mail or newsletter service to inform managers about conservation work around the university. Added information about the relative performance of facilities was also seen as important in stimulating conservation activities, with one director stating directly that``if I was told that other similar facilities spend less [than my facility], I might rethink things.'' Given that all facility directors who provided responses stated that their facility was either average or above average in resource efficiency when compared to other facilities at Harvard, this benchmarking information would be anticipated to alter some opinions.
The second set of solutions for information barriers involves bringing outside assistance to facilities. Many facility directors stated that outside energy audits would be extremely useful and well-received, particularly given staffing shortages and lack of knowledge of conservation alternatives. Other directors thought that information and services centralized within the university would be helpful, ranging from university-wide conservation programs to assistance with energy audits and implementation within individual facilities.
Finally, many facility directors felt that resource conservation could be best encouraged by going beyond the scope of the RCIP. There was a strong sentiment that a university-wide mandate for``green buildings'' would be necessary to take additional steps, given that there was a perception that most of the projects with short payback periods had already been implemented. As one facility director stated,``[Under the RCIP], you shouldn't spend money on green projects if there is no cost benefit. If Harvard took away the payback period limits and said`be green', more projects could be feasible.'' Other ideas included programs that would integrate resource conservation and energy efficiency into the design phase of new projects and programs that would provide grant funding that would not be dependent on quantifiable payback periods (helping with project coordination and non-energy initiatives).
Discussion
This case study of a revolving loan fund to encourage resource conservation and sustainable decision-making provides a few lessons for future efforts. First, the RCIP program as implemented did not appear to be self-sustaining. The number of projects proposed per year declined dramatically over time, although this was largely related to the number and type of projects initiated in the first year of the program. Particularly since many participating facility directors were engaged in the design of the RCIP, this might provide evidence that the program motivated conservation efforts that were already on the radar screens of directors but did not stimulate long-term activity. However, it is also possible that the``low-hanging fruit'' was plucked in the initial year, given the survey responses and the fact that the average payback time was slightly lower in FY94 (2.6 years) than in FY95-97 (3.5 years). Despite this evidence, it seems implausible that all cost-effective conservation projects at a large university would have been determined in such a short period.
Another plausible explanation for the declining usage is insufficient publicity about the program to staff at all levels. Although all facility directors surveyed had heard of the program, one was not aware that it was still funded, and there is anecdotal evidence that staff knowledge of the program is far less substantial. Promotion of an economic incentive program would clearly be focused on the risk-free returns on investments, but it could also embed an environmental argument that could persuade a subset of facility directors.
Along with the above points, the major impediments to action were quite similar to the barriers described in a recent survey of facility managers and commercial designers (Frankel and Leonard, 2000) . The three major reasons cited for the gulf between``green'' intent and actions taken were: lack of knowledge about green products and effective conservation efforts, insufficient information about the benefits of taking action, and confusion about who should be taking the lead in advocating for sustainable practices.
Demonstrating lack of knowledge, the conservation projects proposed within the confines of the RCIP were relatively monolithic, largely considering lowflow toilets and efficient lights. In addition, facility directors indicated that they were largely unaware of additional cost-effective measures that could be taken in their facilities, although some were able to cite clear areas of concern (e.g. old buildings with minimal climate control, no water conservation efforts made in recent years). Although increased communication between facilities would help to some degree, it appears that time and staffing constraints make the provision of outside support and information critical. This could either come from university-wide efforts, such as information regarding substantive measures that might be useful for given building types, or from individual audits of facilities. University-wide coordination could also tangibly demonstrate that the university is advocating for sustainable practices, eliminating another significant barrier.
When considering information gulfs, it is important to keep in mind the substantial differences between facilities. Some facility directors viewed the RCIP as an opportunity to be``environmentally aware'' and as``the right thing to do,'' while others viewed this dimension of the program as``politically correct'' and something they``don't spend much time thinking about.'' Quantification of the economic and environmental benefits of resource conservation could lessen this obstacle, but different arguments might be needed in different facilities. Environmentally-conscious facilities could be motivated by learning of the environmental gains of taking action, while facilities with tight budget constraints could be swayed by an economic analysis. Furthermore, larger facilities might have a greater capacity to fund energy conservation internally, but the lack of tight budget constraints could lead to a number of good ideas not being implemented. Facility directors generally had a difficult time evaluating their relative resource efficiency, given the differences in building portfolios (ranging from commercial to residential to classroom to laboratory space). This variability implies that the information provided to facilities needs to cover a number of different topics, ranging from detailed environmental evaluations to simple comparisons between energy conservation investments and other financial instruments.
Despite these barriers and difficulties, perhaps the most important lesson from this effort is that a revolving loan vehicle can provide substantial economic and environmental gains to users who can identify applicable projects. Although it is difficult to evaluate the total benefits of the RCIP without knowing the lifetime of the conservation measures, the estimated 34 percent return on investment is substantially higher than could be expected from any financial vehicle. Since many of the conservation efforts involve the installation of hardware into facilities with long expected lifetimes, the projects would likely recoup many times their initial investments in reduced operating costs. Considering only the five-year duration of the RCIP, it is estimated that nearly double the aggregate quantity of loans has been saved in reduced operating costs. In addition, the projects initiated under the RCIP were able to reduce pollutant emissions while providing economic savings. Thus, these initiatives truly represent``win-win'' situations.
However, these calculations of benefits should be considered with care. The 34 percent return is not a goal in and of itself, and is not generally used as a benchmark of program performance (Vautin, 1999) . Because of the five-year payback window established in the RCIP, projects that have lower rates of return but might still be economically viable (e.g. long-term structural enhancements) may not have been submitted to the RCIP. In addition, projects with extremely high rates of return are often not funded through the RCIP, since loans are typically not required with payback periods of less than one year. Thus, the rate of return is constrained by the program parameters, and is not necessarily indicative of the expected return across a broad portfolio of university conservation initiatives. Thus, the performance of the RCIP (and other similar revolving loan programs) might be better measured by the growth in the number of projects supported over time, the growth in participation and awareness, and the annual financial savings, rather than indicators of payback periods or rates of return.
A limitation of our analysis is the inability to compare the actual with the predicted savings from the resource conservation measures. Although the actual performance could not be quantified, the surveyed facility directors largely believed that the conservation measures achieved or exceeded the predicted performance, indicating that the estimated return on investment is reasonable. Another limitation is the fact that emissions estimates for equipment are based on AP-42 emission factors for average commercial equipment, rather than measured emissions from the specific sources within the university. However, this is likely a minor influence on aggregate emissions, since the bulk of emissions are associated with electricity, for which emission rates are well-documented.
As with any case study, the degree of generalisation of these findings needs to be considered before drawing definitive conclusions. Although some of the specifics of the projects selected and the institutional infrastructure are unique to Harvard, the overarching themes of knowledge, collaboration, economic incentives, and administrative support are likely applicable to any university. In addition, the general methodology to estimate environmental externalities averted is applicable to any setting, and revolving loan funds are likely to provide quantifiable economic and environmental benefits.
Future revolving loan programs must change in two major ways to improve on the performance of the RCIP and encourage broader participation in resource conservation. First, along with the economic incentive provided through the revolving loan, a framework must be established by which facility directors can learn about conservation methods from colleagues and outside information sources. To maximize the benefits, facility directors must also be assisted with staffing concerns and prioritization, either by the administration helping to bring in outside consultants or by building internal capacity at the facilities.
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The second type of change would expand the boundaries of the revolving loan concept greatly, using loan instruments to foster long-term investments, introduce green concepts in the design phase, and assist in the implementation of environmentally-sound initiatives without quantifiable payback periods. An even broader paradigm would involve the provision of grant money, which could be used to help train staff members, to provide incentives for environmental innovations, and to encourage purchases of new technology. In this way, the university as a whole could invest funds that would spur sustainable resource consumption across a number of facilities, with savings accruing to the facilities and numerous benefits gained by the university as a whole.
Conclusions
The Resource Conservation Incentive Program has demonstrated that a revolving loan construct can help motivate cost-effective resource conservation in a university setting. The 35 projects initiated and completed over the course of five years provided an annual return on investment of 34 percent, with annual savings of US$880,000, 8.8 million pounds of CO 2 , and reductions in a number of other pollutant emissions and related health effects. However, lack of internal capacity or knowledge of conservation options led to decreased participation in later years of the RCIP, with a majority of facility directors unlikely to participate in the short term. To institute sustainable revolving loan programs and lower resource consumption at universities, a few necessary steps must be taken (Table VII) . Frankel and Leonard (2000) Facility directors must be informed about existing conservation efforts both within and outside of their university, the program must be publicized extensively using state-of-the-art communication tools, and technical assistance must be provided to help facilities prioritize among competing projects, determine staffing needs, and implement good ideas.
